Cellular fibronectin is deposited on tissue culture polystyrene during the adhesion and spreading of cultured human endothelial cells (HEC). Following the seeding of HEC upon this polymer, larger amounts of fibronectin are deposited as both cell density and incubation time increase. Our results indicate that the ability to deposit cellular fibronectin onto a polymeric surface is a condition for the spreading and proliferation of HEC. Earlier we repot-ted* that HEC, suspended in a culture medium containing human serum, adhere to moderately wettable polymers such as tissue culture polystyrene (TCPS). Reduced or no adhesion was observed on the more hydrophobic polymer PETP and the very hydrophobic fluoroethylene-propylene copolymer (FEP, a Teflon-like polymer). Recently, we also observed that TCPS adsorbs more of the adhesive protein fibronectin from the culture medium than PETP or FEP, although this amount was small compared to, for example, adsorbed albumin3. It seemed unlikely that this relatively small amount of fibronectin was responsible for the adhesion, spreading and proliferation of HEC. Therefore, we studied the deposition of endothelialcell-derived fibronectin to TCPS. 
Red Cross Blood Transfusion Service, Amsterdam, The Netherlands). This fibronectin was obtained during the purification of human coagulation Factor VIII and SDS polyacrylamide gel electrophoresis indicated that a small amount of albumin was present as a contaminant. Fibronectin precoating was performed over a period of 2 h using a 2% solution (w/v) in 'complete medium' (see below).
Serum-containing culture medium (CMS) consisted of complete medium -an equal mixture of medium M 199 and medium RPMI 1640 (both from Gibco Biocult Co., Paisley, UK), with 2 mM L-glutamine (Merck, Darmstadt, FRG), 100 U ml-' penicillin, 1 OOpg ml-' streptomycin (both from Flow Laboratories, Irvine, UK) and 2.5 pg ml-' fungizone (Gibco) -which was supplemented with 20% human serum (pool from 20 healthy male donors).
Cells were used in experiments after the second or third passage when cultures had reached confluence.
Exposure of TCPS to cell suspensions and culture medium; lysis of adherent cells Trypsinization (0.05% trypsin/0.02% EDTA) was used to harvest the cells. Trypsin was inactivated with CMS. However, when HEC were to be seeded in the presence of culture medium containing 20% fibronectin-depleted serum (CMS-Fn) instead of normal serum, trypsin was first inactivated with CMS-Fn. Fibronectin-depleted serum was obtained by Gelatin-Sepharose affinity chromatography of the pooled serum6.
TCPS clusters containing 24 wells (obtained from Costar, Cambridge, MA, USA) were used for the study of fibronectin adsorption from culture medium or fibronectin adsorption/deposition from cell suspensions in culture medium. The ratio of the volume of culture medium (with or without cells) to the surface area (bottom of the well) was 0.2. 5eposi?ioff of f~bronecfjn on polymers: P.9. van Wachem et a/.
The experiments from which the results are shown in Figure 1 were started at the same time. This was also the case for the experiments presented in Figure 2 . Each point on the graph represents an average value for fibronectin adsorption which has been obtained from three experiments carried out in three different wells of a 24-well TCPS cluster. Differences between the adsorption values obtained from three corresponding experiments (values deduced from absorbances of the generated dye in the enzyme immunoassay -see below) ranged from 1 O-l 5%.
At the end of the appropriate exposure time (30 min to 48 h), the wells with adherent HEC were rinsed with phosphate buffered saline (PSS, obtained from NPBI, Emmer-Compascuum, The Netherlands) and the cells were lysed.
Cell lysis was performed in the 10 min after the addition of 0.1 M NH&H (Merck, Darmstadt, FRG) 7. Thereafter, the deposited protein layer was rinsed three times with PBS, fixed with methanol for 15 min and rinsed again with PBS. The clusters with test wells, filled with PBS, were stored at 4°C before the detection of adsorbed fibronectin. The rinsing and cell lysis procedure was also carried outwith wells which were exposed to culture medium without cells.
Ueteetion of ~dso~~d/deposited fibronectin
The adsorption/deposition of fibronectin on TCPS was studied by means of a two-step enzyme immunoassay (EIA) which permits the selective detection of adsorbed proteins3'*. The adsorbed/deposited fibronectin in the cluster wells were determined as described before3. Fibronectin detection was carried out after the rinsing and cell lysis procedure mentioned above.
The The relative fibronectin-adsorption data, presented in the figures are deduced from absorbances of the generated dye in the EIA. These data are not directly related to amounts of adsorbed fibronectin/cm'.
RESULTS
The adsorption of fibronectin toTCPS from serum-containing culture medium and its adsorption/deposition from the culture medium in which 4 X lo4 HEC/cme2 TCPS were suspended, are shown in Figure 1 No fibronectin could be detected on the TCPS surface if the surface was exposed to culture medium containing fibronectin-depleted serum without cells (not shown).
Optical phase-contrast microscopy revealed that the adhesion and spreading rate of HEC were similar during the 6 h after seeding.4 X 1 04cells cm-*, whetherthecells were suspended in culture medium containing normal serum or in culture medium containing fibronectin-depleted serum. Spreading of HEC on TCPS started about 30 min after cell seeding. After about 16 h cell proliferation started.
DISCUSSION
Fibronectin is present in the extracellular matrix and in the subendothelium as a fibrillar network which mediates platelet adhesion. It is synthesized and secreted in culture medium by human endothelial cellsg"'. Recently, Clark et al.'* found that human endothelial cells grown in vitm from umbilical veins produced fibronectin to adhere to collagen which had been preadsorbed to (unmodified) polystyrene.
Our results show that cellular fibronectin is deposited on TCPS when human endothelial cells cultured from umbilical veins are seeded upon this polymer surface and that this occurs whether the culture medium in which the cells are suspended contains normal serum or fibronectindepleted serum. From the results presented in Figure 2 we conclude that the amount of deposited fibronectin increases both with cell density and the time of exposure of a TCPS surface to the seeded cells. From Figures 7 and 2 it can be concluded that cellular fibronectin was already present at the TCPS surface 30 min after HEC were seeded in the wells of the clusters. This suggests that HEC start fibronectindeposition immediately after sedimenting on the TCPS surface.
Reinders et a/.' found that cultured human vascular endothelial cells probably do not contain a storage site for fibronectin. They concluded that the rate of secretion is determined solely by the rate of newly synthesized fibronectin. Therefore it is likely that no fibronectin originating from the cytoplasma had been released and subsequently deposited on the TCPS surface during cell lysis prior to the enzyme immunoassay (EIA).
The applied EIA does not yet allow a quantitative detection of adsorbed proteins. Preliminary experiments carried out by Breemhaar l3 indicate that an absorbance of 1 .O of the dye solution generated in the EIA corresponds to about 70 ng adsorbed albumin cmm2. If it is assumed that an absorbance of 0.1 in our experiments corresponds to 7 ng deposited fibronectin cm-*, 4 X 1 O4 seeded HEC deposit about 7 ng fibronectin upon 1 cm-* of TCPS over 6 h. For 8 X IO4 cells this value is 1 1 ng. In other words, one endothelial cell should deposit about 1 5 pg fibronectin over 6 h.
Earlier we reported that TCPS, which is moderately wettable, adsorbs more fibronectin from (undiluted) serumcontaining culture medium than hydrophobic polymers such as PETP and FEP, although this amount is small compared to, for example, adsorbed albumin3. Much more fibronectin adsorbs to TCPS from diluted culture medium; this is not found in case of PETP and FEP. From these data it may be concluded that TCPS shows a relatively high affinity for fibronectin.
The present results prove that the small amount of fibronectin adsorbed toTCPS from undiluted culture medium Deposition of fibronectm on polymers: P.B. van Wachem et al.
is not responsible for the spreading and proliferation of seeded HEC, because HEC also spread and proliferated on this polymer when the culture medium was fibronectindepleted. Evidently, the high affinity of TCPS for fibronectin and the nature of the adsorbed serum protein layer permit the cells to deposit their own fibronectin onto the polymer surface. A possible mechanism is that TCPS shows an exchange of surface bound serum proteins for cell secreted fibronectin. Such a process is expected to proceed at a much slower rate in case of more hydrophobic polymersI like PETP and FEP, which show strongly reduced HEC adhesion'.
Spreading of HEC on TCPS starts about 30 min after cell seeding. In time more cells spread on the TCPS surface and after about 16 h cell proliferation starts. During these processes more fibronectin is deposited on the TCPS surface. Our results indicate that the ability to deposit cellular fibronectin onto a polymeric surface is a condition for the spreading and proliferation of HEC.
